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S'JBJWi"i' Final Reprt on the Evaluetion of Chsglical Hilling QS a 
Posalbfe Prooeas Technfque in the Production of Hard 
end 3/& Ifara 301 Stainless Steel Bulkheadrs. 

ABSTRACT 

The effect of tbe chemaical milling process on zhe tensile d fatigu 
proptsrtise, curmaim msi~tmce,  thicicnasa 
m e t a l  ana veld joints of stretch-fomd 301 cold work 

ehmical tpu l iq  8s 8 fabrication technique v a n  es&b1ish 
work- First, the fatigae pmperties of the base metal. and 
weld joints opparsd to be considerably reduced. 

&eef Sheet b S  bs%n evafWt8d. mafor detelT3litS fit! 

Second, 
8 found to exiet in the me 
could not be colltph~ts~y relieved without ma0 
treataasnt, Third, corroaio 
s ta3aameee WQM kept ~ S l b i a  0,001 
een 60 and 120 nas. A prefersatics3 

r e d t e d  in undercutting of the weld weti. 
ovdmoaa by appropriate masking techniques, 

. prsparad by: 
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SUBJECT: 
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\ 
F b a  b p o r t  on tha Evaluation of Cheeoical M i l l i n g  BB a Possible 
Prooaos Technique i n  the Production of 
S t s M s a a  Steal Bulkheads, 

tzard and 3lG-lfeLE.d 301 
i 

: 

At the request of the Structural Design Group, a study was initiated to 
evalnate the effects of chemical mlfllag on the mechanical pmperties, csrprvs%~~ 1 

resistance, surface f inish,  thickness tolcrmce, etc., o f  
staideas steel bulkhead sections, 

In order to evaluate this processing, tecrhdque correctly, it was decided to. 
b v t  the chamical arilling perforad by a reputable vendor rather %ha 
faboratoxy skulation of the praaess. Although this hars led ta cons 
d e 2 4 ,  it is by far the most satitsfactory approach, 

A progress repert en this evaluation program usd iaausdi on 29 
(heport No, MtC=lL&). 

hycrogon enbrittlemen% studios uere pres8ntcsdO 

I t  is the purpose of tAis report to present the res-dts of the reainiier of 
the program. 
rule; fatigue, corroaion proprt ios  and means of relieving hydrogen e&rlttleSkent. 

  ow ever, before proceeding to the results and dfscruesion of the  ctlrront pkassa 

the first progress repart. These are as follows: 

arid 3f4-8 301 

The result8 of thickness tolerance and surf8 
measurements v isual ,  x-ray and metallographic e d n a t i o n 8  as well as i 

I 

These are concerned v i t h  mechanical properties such 8% tsn~i3.o 
I 

i of the progrsla it uould be well ta review the major conclusions presented I n  1 

2. The csurfaas f inish waa decreased Pron 17 m a  as stretched-forned 
t o  between 60 8ad 120 r m  after chemical Plillfng. 

41 X - r q -  ccralafna%ion ahowed that the weld areas were sound before 
a f t e r  chemical pnflling, 



5 .  After a 5CLpercent reduction i n  base mtaf thickne~s by chemical 
milling, the thickners variation i n  the "Upget was increased. 
Furthernore, a selectfm attack w m  also rioted in the heat-faffected 
Zones. After chelnical milling, the heat-affectsd zone& were thinner 
than the base m e t a l  by about 9 percent. 
nugget area was a8 nuch as 27 percent thfnner than the base metal, 

The !ainhum tfdckntsss in the 

6 .  It was found tht this mteriaf WEB hydrogen enbrittled %hi? j 
i 

I i 

I 

c h d c a f  m i l l i r i g  process, but the severity of this embrittiement 

Otviousfy, the two major effect8 of chemical mfll ing uncovered during the 

could n o t  be detemined 1 
1 

i l n f t i a l  phase of this cttidy ere associated with the selective fittack of the 
weld nugget and heat-affected zones and the intmtiuction sf hydrogen 
eiabrittfeaent. 
proklara (salsetive attaclx of the hcset-affocted zone and weld nugget) by 
remmfng the bulkhead seations from the chemical milling solution when a feu 
thouasndtbs of 5etgl rcmain to  be remved, 
and the rsaaiaing metal reamed from the bufkheade. 

Techniques f o r  decreasing t he  severity of hydrogen embrittlemcnt were 
established durfng t h i s  p h % e  ofthrr study' and w i l l  be report& on in 4218 
csctfona that follow. 

EESilLTS AHE D I S X G S I O N  

> 

I 

I 

It uas 8ugp?sted tLhat it is poesibfe to overnor& the thfnr,ir;g 

1 
The weld area could then be mask& 

i 
I 

t ' Par t id  bulkhead B C C t i O a 8  

1 
1 
i 

i 
: TEEU'SILETESTS 

f r o m  stretch-fomd & 8 n d  end 3/4- hn? 391 
stainless a t e e l  uere chernicall.fr milled frm Cf.cJ20 (or 0.025) inch thickneee 
to 0,010 inch by the  Unit& Sta tee  Cheaical Mlliw Corporation, 
tensile coupns were machined f ron both bulkhead sections, Pa* hase metdil. 
a d  ueld coupons were obtained. Saraplea of the chemically &fled bulkhearia 
3" x 3" were rammed for a s t t  sprag corrosion t e s t s ,  

Stan5f irO 

I 
I 

i 

Tenliile tests were psrforared a t  mum tmperstures. 
machined f r o m  the weld area a w h  that the helitwe butt weld m a  in t h e  
center of the reduced section m a  was perpendicular to the length of the 
tensi le  couyon. Samples for base metal property evaluation were &so obtained 
fram the bulxhead sections away f r o m  the welded area but in the stme direct ion 
a8 the weld test coupcm, Trfplicate samples uere prepared and teated, 

Ae shown in Table 1, tke tensile properties were esaentiafly unaffected by %h@ 
cheraicsl sti2U.b.g process. The d l  varfsttions that are o h m &  be 
attriWW to severd'fatzfore, 

Teste were run on samplers i 
1 

i 
- 

The UncthdJ-led eunntplas were 0,020 inch 
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acauraay would bccount for most if not a l l  of the differences observed, 
especially on smplse taken fmla a stretch-formed bulkhead section. 

FATIGUE TFSTS 

Extra simples had been machlned fo r  the tensile t e s t  phase of thds  study, 
Because they were not needed for tensile testing it wss decided to ugfs thsnt 
for a prelfxy eval;tation of fatigua proprrties. 
wm not the best epecinrsn configuration for a fatigue test, it was 
anticipated that soae trouble might be experienced in the testing phase. W j  
proved t o  be true since some of the cou-pons failed at one end of the i 

reduced section or the other instead of in the central jliortion for wkdch 
accurate dimensions uere known. Ln spite of %,his pmblea the data of Table 2 i 

t 

! 
Since thesa coupons 

I 

i appear to shuw some significant trends. 

The data of Tebls 2 uere obtained front tension-tension t e a t s  on a Paldwin- 
T s t + & b w y  (t3F-L-G) fatigue tester, In general the h t a  presented are the ' I 

averago of duplicate teats, but in irjstd casea triplicate tests  were obtained. 
As In the  c88e of tensi le  tes t ing,  the propertfes of the chemiuaZly nrfffed 
b-dar u%re devrloped on saplee  0.010 in& thick Wh6rea8 the originaf 
m e w  properties were obtained on taatatf of .02Q(or .029 inch thldcxmas. 
fi*r*% aad dimeneiohsil measurements of the thfn saqifes Were very 
aiff icult  to attain aec\lratefy, especially in the  weld areas. 
problexns of d i g m a n t i ,  dimnsioaal accwacy, and. smdll sample s l a e ,  the 
large decreaee in the number of cycles to failure after chgolical B i l l i n g  
strongly suggests that fatigue properties are indeed effected aciversaly 3y 
the c h e m d l l  proceae, 

C 3RfiOS ION MS fSThMGE 

The corrosion resistance of the cheniical died surface vas notkncxvn a& it 
appeared tbst a preliminary investigation of" this problem should be 
undertaken. 
for LMX) hours durationr 

; 

Gespfte the  , 

1 1 
I 

I 
t 

I 

1 

Test ;3aroalat as shova blow verb subjected t o  salt spray tes ta  r 

1. Control - surface as-stretch-fora& 
2. Chemically-milled 
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~ Q W B V B F ,  two or three isofateat: points which uere severely attacked were 1 

i 
notsit. 
the 0.010 sheet ard a small pin hole uas formed. 
ace-med on the passivated samples as well as the unpsssivated sample. 

IC these amas, corroaion resul-i;ed in complete penetmtion of 
This >in hole corrosion 

Bscauae of the thhneas  of the bulkheac esectiona hydrogen embrittlemnt 
t e s t s  oould not bo perfontred on this materid. However, smpies of 0.qW 
full bsrd 301 stainless steel were submitted to the velldor along with the 

I 
i 

As mentioned i n  the fir& report, these amplea  uere l 
b.r;lwhaad sections, 
returned them for tea t ,  

The vendor CheR-lailled these sample8 to 0.04.0 and i 

Hydregen emkittlemnt of heat-treated low a l l o y  steels can be relieved 
by a low teraperature baking treatment and coneeqaently, processes vbict  
introduce embrittfement in these steels can be used i f  the materials sre 
W e d  after the process hr been employed. 

Attempts we- 
ateel intraduced by the chwwfdll process by various baking treatwentf$. 
It proved iBtpoaaiblsa to aoapleteljj 6lLzinat.e the Q d r q s n  eabrldthmwnt even 
a t  temperatures up to  5OOOF. 
might affect the baee m e t a l  properties. 
treatments were investigated as a Fssible means of eliminating the 
hydrogen. 
relatively poor VBCUUE (3c-50 aieroos) coqletely e l m e t e d  the !q%rcgeo 
eE?DritUemnt fntrduced f r o m  the chemical nilling process. 

3 to elimim%e the hydrogen etmbrittlearent of 3O.l s ta infeaa 

It was felt that +higher baking tcsnpereitures 
Therefore, VBC'JUID degassing 

It WEB faunr? that vacuum degassing a t  rooa temperature v i t h  a 

'dnf~rtunatsfy, it is oot poas ibl t  to specie  at t h i s  time w h a t  d e p e  of 
hydrogen enbrittlsnent can be, tolerated in t h e  301 stainless s t ee l  w i t i i o r r t  
leading t o  catastrophic failrrre. Vacuum degassing of 10' diameter 
hhheet(!s is not a desirable or even very feasible production process, An 
8 hour W e  a t  400% c0uI.C be carried aut but some degree of hydrogsn 
emh?--ttlsms?nt v-f 11- rer&n_ = 

Sa@& on a l i r P i t &  amount of data, the following conclusions can be dratvn 
I 

regarding the effect of chemical nilling on the static, fatipe,cnZ corrrjsilon 
properties of 8 me 3/4 hard 301 stainless steel bJlkfiea6 materid. 

1. 

2, 

T0n8ils proprties @tu, PtY , E, e 

FatigIde propertfes (cycles to feilure} 8~pe%r to be reduced 
ccnaiderably . 

r a m i n  essentially unarfectd. I 
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resistance to localized attack such as pin-hale corrosion i s  rnarkedly 
reauced. 

Hydrogen erabrittlemeat, introduced durjslg the nilling process can be 
reduced consiaerebly 
coapletely elimimted by vacuum degaesing; at room temperatures, 

4* 
a baking treatment of 8 hours a t  @WF’ o r  

The results of t h i s  invaattgation Bhow that chemical milling affects th 
properties of 301 brslrhad material in aeverel respc ta ,  
a t e r i d s  proceased in tihis auuier a complete evaluation of theee effects are 
necsplsauy, stncs design allambles may be char;ged considerably, especial* 
f a t w e  a1 iowables . 

Sefore using 

Because of the undue mount  of testing ntceasary to es tab l i sh  new desigr 
allowablee OB 301 stainleas processed by the che8;wnilling technique, it is 
mcomraanded that the proceae be used only when it is not possible ta obtain 
the fiaal produot by more conventional means. 

If it is nacslasery to use the the-lf pmeess, further investigation of 
fatigue :Jropertiea, corrosion resistance and hydrogen enbrittfsment is 
stroiigly recomeded. 
the fatigue axxi corrosion resfstgnce of cold wcrked and stretch-fowed Type 331 
stElin2ess a t e s l  sheet would imiicrte that other methods of effecting w i g h t  
rsouctiom should be mote tCoroLyThiy investigated before cham-dlling ie 
selected aa the production process, 

EovBver, the deleterious effects of this  process upon 

1 I 
I 

i 

i 
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a Hard Base Hetad 

* *hM Weld “ l e t a l  

314 Hard Base Metal 

3 / 6  b d  Weld N e t a l  

189,000 158,000 

138,000 

201, OOO 169,000 

135,000 - 

14.7 

U.6 x lo6 
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Table 2 

FATIGUE DATA AT RWH TEMPEPATUiTE FOR 301 STAINLESS STEEX B ' J L W  SETIO%3 
BrnGRE; AKD AFTER CKEBfICAL mLm 

After C h e m - w  

+ w - Base 

h Hard - Meld 
3/4 Hard - Base 

3/4  Ham - weld 

120,030 psi irrax.-lO,i30r3 psi sin. 

80,000 psi 1nax.-lO,OOO psi min. 

130,000 p s i  inax.=10,ooO psi min. 

80,000 pai  naXe-lO,oOO psi m i n o  

120,000 p s i  raax.-lO,WO psi mia. 

80,000 p s i  mx.-lO,OOO psi mine 

130,000 p s i  mxe-1O,30O p s i  rain. 

80,oOo pi Iaax.-1o,ooo pi min. 

160, &X 

201, m 
86, 

1&,'3(20 

i 
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